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SUMMARY. Turkeys were fed a diet containing 50 or 150 ppb aflatoxin for liar 13 weeJc.s
or fed these diets for 11 weeJc.s and then the control diet for I or 2 weeJc.s. Afuuoxins Bland
MI were found in liver. kidney. gizzard. and feces of poults fed the diets for liar 13 weeJc.s.
However. in turkeys fed the control diet for I or 2 weeJc.s after the II-week feeding trial. no
residues of aflatoxin were found in the fec= or tissues, except for some aflatoxin BI remaining
in detectable amounts in the gizzard. No mortality was attributable to aflatoxin. and there were
no notable differences among groups in weight gains. feed conversion. or histopathologic changes
in selected tissues. The response to a second inoculation with sheep erythrocytes was significantly
lower in poults given dietary aflatoxin than in controls. This reduced antibody response was
not observed when a Pasteurella muiuxuill vaccine was administered.

RESUMEN. Distribucion y eUminacian de ailatoxinas 81 y MI en pavos alimentados con
dietas que contenian50 0 150 ppb de atlatoxina procedente de maiz contamin:1do en forma
natural.

Se alimentaron pavos con una dieta que cantenia 50 0 150 ppb de aftatoxina durante II 0

13 semanas. 0 durante II semanas y luego una dieta control durante I 0 2 semanas. Se
encontraron aflatoxinas BI Y M I en el higado. rinon. molleja y heces de pavitos alimentados
con las dietas de II 0 13 semanas. Sin embargo. no se detectaron afu:uoxinas en las heces 0

tejidos en pavos aHmentados con la dieta control de I a 2 semanas despues de fa dieta can
allatoxinas. con excepcian de ciena cantidad detectable en 1:1 mollej:1. No se atribuye monaJidad
a.Iguna a las aflatoxinas y no hubo diferencias notables entre los gropos en CU:1nto a ganancia
de peso. conversion de alimento 0 cambios histopatologicos en algunos tejidos. La respuesla a
una segunda inoculacion con eritrocitos de oveja se via disminuida en pavos alimentados can
la dieta con atlatoxinas. en comparaeian con los controles. Sin embargo. no se observo esta
reduccion en la respuesta humoral cuando se utilize una vacuna de Pasumrel!a mu/toclda.

The analysis of aflatoltin residues in tissues of
poultry following ingestion of various concen
trntions ofdieury ailatoxins has been the subject
of severnl reports (2.3.8.11.12). When nine lay
ing hens consumed 8 ppm dietary aflatoxin BI
(AFBI) for 7 days. AFBI Wl1S found in the liver
ofone of the hens after a 7-day withdrnwal period
( 12). Gregory et at. (2) found that 55-91 % of the
detecuble aflatoxin residues in turkey poults fed
500 ppb dietl1ry AFB I were conju~tedaflatoxins
rather than AFB I or the metabolite aflatoxin M I

(AFM I). Their study was conducted using di
etary concentrations ofaflatoxin that caused clin
ical aftatoxicosis in the poults. However. AFB I

or AF~( I could be found in several tissues and

body fluids ofsteers fed concentrntions ofdietary
aflatoxins that were less than needed to cause
aflatoxicosis (5).

Therefore. we conducted the present study to
determine the presence of AFB) and AFM I in
tissues of turkey poults fed low concentrntions
(50 and ISO ppb) of AFB I in the diet and to
determine the disappearance of the residues 101
lowing wlthdrnwal of the conuminated diets from
the poults:Additionally. we wjlnted to determine
the effect of these dieury concentrations of af
latoxin on weight gains. antibody formation to
Pasteurella mu/ronda and sheep erythrocytes.
teed conversion.liver-to-bod.;Y-weight ratios. and
histopathologic changes of selected tissues.
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Fig. I. Experimental design of groups of turkeys fed O. SO, or 150 ppb dietary aflatoxin for II or 13 weeks
followed by withdrawal periods of I or 2 weeks (Groups IV and V, respectively).

MATERIALS AND METHODS

TlIlkeys. Turkey POWLS (n - 110) were obtained at
I day ofage and reared at the National Animal Di~
Center until they were 2 weeks old. They were given
water and turkey starter (assayed to be free ofaflatoxin)
ad /ibuum.

Feed. Three batches of feed were prepared: one con
tained 0 ppb AFBI' another contained SO ppb AFBI'
and the third contained I SO ppb AFB I. The feed was
prepared by mixing naturally contaminated ground com
(assayed for aflatoxin concentration in two laborato
ries) with turkey starter to yield the desired aflatOXin
concentr:uion in the final feed mixture. Com assayed
to be free ofaflatoxin was included in the 50-ppb r:ltion
and the control ration to maintain an equivalent amount
of com in all rations. All rations were stored at 4 C
during the study.

Experimental design. The two-week-old poults were
randomly assigned to five groups as shown in Fig. I.
Thirty poults were assigned to Group I and were fed
the control ration. Twenty poults ~ere assigned to each
of the other four groups; 10 poults in each group were
fed SO ppb AFDI r:ltion, and the remaining 10 per
group were fed ISO ppb AFB I ration (Fig. I). The
poults were housed in heated rooms with controlled
ventilation on ground-corn-cob litter and given feed
and water ad libitum.

All feed was weighed when plOlced in the feeders. At
the end ofeach week. the feed remaining in each /eeaer
was weIghed so thOlt the amount of feed consumed by
each group could be determined for each week. All
poults were weighed weekly. and feed conversions were
determlOed.

Poults in Groups I and III were fed their diets for

13 weeks, and Group II poulLS were fed their dieLS for
I I weeks. Group IV poults were fed their dieLS for 11
weeks and then the control diet for I week: Group V
was treated the same, e:tcept the control diet was given
for 2 weeks. At the end o(these periods. all poults from
Groups II-V were bled. weighed. and killed. Ten con
trol (Group l) poults were bied. weighed. and killed at
each of these times also.

The liver WolS removed from all poults and weighed
for determination ofliver-to-body-welght r:ltios. Sam
ples of the following were taken for atl.lloxin assays:
bile. blood. feces. liver. spleen. lungs. heart, kidney,
gizzard. breast muscle. thigh muscle. and pancreas. All
tissues were frozen at - 70 C until assayed.

Tissues taken for histopathologic e:tamination were
liver, kidney. thymus. and bursa of Fabricius. All tis
sues were fixed in 10% neutral buffered formalin.
embedded. sectioned, stained with hematoxylin and
eosin. and examined with the light microscope.

Assay oC tissues and fluids for AFB, lind AFl\1,.
Ten-ml samph.:s of blood from each of five poults per
group were pooled by group for each assay ofaflatoxin.
The SO ml of pooled blood was poun~d onlO a 35-g
hydrophilic mOltrix column (CT-:050 Chcmtubc:, CT
00 I Hydromatri:l:, AnOllytichem Intcrnational. Inc.,
Harbor City. Calif.) and eluted three times with SO ml
4:1 (v/v) methylene chloride: acetone. The pooled ex
tracts were dried under vacuum. redissolved in meth
ylene chloride. transferred quantitatively to dram vials,
and dried under flowing nitrogen. Allatoxlns in bile
were determined simIlarly, except the 10lal amount of
bile available for assay varied. depending upon the
pooled yield from 8-10 poults.; Feces and all tissue
samplC$ were :lnalyzed individuhlly by the method of
Stubblefield and Shotwell (9)..-\11 sample extract rest-
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Table I. AFO. and AFM. in liver. kidney. gizzard. and feces of lurkeys fed dielary aJlaloxin for II or Il weeks or fed dielary aJlaloxin for II weeks and Ihen a
cOnlrol diel for I or 2 weeks.

Dielary
Liver Kidney Gizzard Feces

Group Diet aJlaloxin 01 MI 01 M I 01 M. 8. MI

COnlrol OA 0 0 0 0 0 0 0

II Conlaminaled
I I weeks 50 ppb 7/98 0 6/9 4/9 j/9 0 8/9 9/9

(0.02-o.09)c (0.01-0.02) (0.01-0.02) (0.043-0. 162) (0.08-0.45) (0.63-1.87)
150 ppb 7/9 7/9 4/9 2/9 6/9 0 8/8 8/8

(0.08-0.13) (0.0]-0.10) (0.025-0.08) (0.09-o.Il) (lr.-o.122)D (0.53-4.73) (0.35-1.7)

III Conlaminaled
13 weeks 50 ppb 119 3/9 5/9 2/9 6/9 0 8/9 7/9 ~(0.02-0.1 ]) (0.11-0.14) (0.01-0.]4) (0.01-0.07) (Ir.-o.11 ]) (0.19-0.44) (1.16-4.54) [150 ppb 9/9 9/9 6/9 1/9 9/9 2/9 9/9 9/9

(0.08-il.]9) (0.04-il.]2) (0.05-0.18) .(0.1l) (Ir.-o.22) (Ir.) (0.92-4.55) (1.5-5.4) ~

IV Conlaminaled fl.
I I weeks, I week 50 ppb 0 0 0 0 9/10 0 0 0

wilhdrawal (0.037-1.9)
150 ppb 0 0 0 0 9/9 0 0 0

(0.093-0.24)

V Conlaminaled
I I weeks. 2 weeks SO ppb 0 0 0 0 5/10 0 0 0

wilhdrawal (tr.--O. I54)
150 ppb 0 0 1/9 1/9 2/9 0 0 0

(0.01) (0.04) (0.04--0.064)

AO ;:;. nOI delecled.
IINumbcr of lissues posilive/number of lissues examined.
(Range of IO!l1ll concenlralion in nglg.
I)IL = Irace ( <: 0.0 I nglg).
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dues were dissolved in I00 ~I 9: I (v/v) benzene: ace·
tonitrile for thin·layer chromatography.

Two-dimensional thin·layer chromatography and
fluorometric densitometry was conducted according to
the method of Stubblefield and Shotweil (9). Ail pos
itive samples were confirmed with trifluoroacetic acid
treatment. The limit of detection of AFB I and AFM I

with this method is sO. I nglg (9).
Incxu1atioa. All poults were inoculated with P. muJ

toelda vaccine and sheep red blood cells (SRBC) at I
month and again at 2 months to determine possible
interference ofaflatoxin with antibody formation. The
P. multocida vaccine was prepared from strain P-I 059.
An 18·hr culture grown on dextrose starch agar was
harvested in phosphate·buffered saline (pH 7.4) con
taining 0.3% formaldehyde. The cell suspension was
adjusted to a turbidity equivalent to a McFarland t; I0
nephelometer standard and emulsified with an equal
volume of Freund's incomplete adjuvant. The SRBC
inoculum was a 7% suspension ofceils in 0.15 M saline
(10). One ml of Pasteurella vaccine was inoculated
subcutaneously in the cervical area. and I ml of the
SRBC inoculum was given intravenouSly in the wing .
vein. All poults were bled before each inoculation and
2 weelt.s after each inoculation. Sera werea~ for
antibody by an .indire1:t Pasteurella hemagglutination
test and by agglutination of SRBC.

Lipopolysaccharide (LPS) of P. muJtocida strain
P·1059 was purified as desCribed (7). Turxey eryth
rocytes were sensitized with heat-tre<lted LPS as de
scribed (6). Passive hemagglutination tests were done
with a microtiter system (Cooke Engineering Co.. War
renton. Virginia). Serial twofold dilutions of sera were
made in 0.05 ml phosphate-butTered saline conL:lining
0.5% bovine serum albumin. and 0.05 ml of LPS-sen
sitized turkey erythrocytes was added to each serum
dilution. The plates were incubated for 1.5 hr at room
tempc:rature before passive hemagglutination reactions
were assessed.

RESULTS

As expected. there were no deaths attributable
to aflatoxin. and aU turkeys appeared healthy
throughout.

At postmortem examination. none of the poults
had aflatoxin in the bile. blood. spleen. heart.
lungs. breast muscle, thigh muscle. or pancreas.
Furthemlore, no aflatoxins were found in any
blood samples. except in one sample of pooled
blood from five poults given SO ppb dietary af
latoxin that had 0,4 ng AFBI/ml.

AFB I was detected in the Ii vers of most of the
turkeys given either 50 or I50ppb dietary afla
toxin for liar 13 weeks (Groups II and III: Table'
I). However, no AFM I was detected in poults
given SO ppb dietary aflatoxin for I I weeks. and
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Fig. 2. Average weight gains of groups or" turkeys
fed a (0-:-0). 50 (.---.,. or 150 (4-'-'-4) ppb
dieL:1ry aflatoxin for 11 weeks.

it was detected in only 3 of 9 poults given this
diet for 13 weeks. AFM I was found in most of
the livers of poults given 150 ppb dietary afla
toxin for 11 or 13 weeeks.

Both AFB I and AFM 1 were found in the kid
neys of many of the poults in Groups II and III,
but AFM I was found less frequently (Table I).

In both Groups II and III. both AFB I and
AFM I occurred in the highest concentrations and
in the greatest frequency in feces (Table 1),

Interestingly, AFMI was not detected in any
of the gizzards. except in 2 of the 9 poults given
ISO ppb dietary aflatoxin for 13 weeks. and then
only trace amounts were detected (Table l). AFBI
was found in most of the gizzards of poults in
both Groups II and III.

None of the turkeys fed the control diet during
a I- or 2-week withdrawal period (Groups IV
and V) had detectable aflatoxins in the liver. kid
ney. or feces. except tor one turkey fed ISO ppm
dietary aflatoxin and the control diet for 2 weeks,
which had AFBI and AFM I in one kidney. How
ever, detectable AFB I remained in the gizzards
of almost all poults after the,l-week withdrawal
period and less frequently in the poults after the
2-week withdrawal period (Table I).
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Table 2. Average passive hemagglutination titer log2
of antibodies to PasteureJla mwtocidJJ lipopolysac
charide from turkeys fed two concentrations ofdietary
aflatoxin and inoculated with P. muitocida vaccine.

Week 4 Week 8
(before (before

Dietary inoculum inoculum
aflatoxin dose 1111) Week 6 dose 1112) Week 10

Control a 6.9 3.9 4.5
50 ppb a 6.8 3.9 5.1

150 ppb a 8.8 3.9 4.4

There were no notable differences in weight
gains among the poults given O. SO. or 1SO ppb
dietary aflatoxin for 11 weeks. although the poults
given I SO ppb dietary aflatoxin had an average
weight slightly less than poults in the other two
groups beginning at week 6 of the experimental
period (Fig. 2). Also, no change in feed conver
sion was noted among the groups.

Following the first vaccination, poults given
I SO ppb dietary aflatoxin had a greater increase
in' antibody titer to P. multocida lipopolysac
charide than controls and poults given SO ppb;
there was no difference in response among the
groups following the second vaccinal dose (Table
1). The second vaccination resulted in a lesser
response than the primary vaccination. The an
tibody titer response following the first inocu
lation with SRBC was similar in all poults re
gardless of diet. but the response following the
second inoculation was significantly (P < 0.05:
Analysis of Variance) lower in poults given di
etary aflatoxin than in controls (Table 3).

Table 4 shows Iiver-to-body-weight ratios de
termined from weights on the day of necropsy.
Turkeys given I SO ppb dietary aflatoxin for II
weeks and then withdrawn from that diet for 1
week had slightly larger livers than all other tur
keys.

Histopathologic examination of kidney, bursa
of Fabricius. and thymus from all poults given
al1:ltoxin revealed a normal histologic appear
ance. Only minor differences were noted in liver
sections in poults given aflatoxin. with beginning
bile duct proliferation noted in more poults given
I 50 ppb aflatoxin than in the group fed 50 ppb
allato.'l.in. The lesions were not more severe or
l':'(lcnsive in the group given 150 ppb. These
changes did not result in distortion of Ii ver
parenchyma. and hepatocellular necrosis was rare.
Withdrawal of the poults from the atlatoxin-con-

laminated diets resulted in fewer poults with bile
duct proliferation. but the difference was not
marked.

DISCUSSION

In studies where poults were fed 500 ppb di
etary AFBI from 24 to 42 days of age, the con
centration offree or conj ugated aflatoxins in Iiver
tissue (2) was similar to what was found in the
present study, determining free aflatoxin~, at di
etary aflatoxin concentrations of SO or I SO ppb
fed for 13 weeks. Perhaps the length of time the
poults were fed these diets affe1:ted the residue
concentrations of the two aflatoxins quantitated.
In the study ofGregory et aJ.. (2), no attempt was
made to determine the residue concentrations of
aflatoxins in kidney or gizzard tissue. In the pres
ent study, aflatoxin residues remained in gizzard
tissues for up to 2 weeks after withdrawal from
contaminated diet. but the reason for such is
unexplained. The results of the present study are
in agreement with oth~r studies (5.8) in that af
latoxins are cleared quite rnpidly from most tis
sues. but not from gizzard tissue and perhaps
kidney tissue.

Antibodies against LPS produced by vacci
nation ofchickens and turkeys with P. multocida
are predominantly ofthe IgG class (R. B. Rimier,
unpublished). The response to the second vac
cination probably was lower than response to the
first. .because the secondary response involved
the same class of antibody.

The finding that antibody titers to SRBC were
greater before inoculation in the turkeys given
dietary aflatoxin may have resulted from the af
latoxin causing a change in the gut flora. thereby
allowing for a selectivity ofmicroorg.anisms with
lipopolysaccharides thaI are cross-reactive to the
polysaccharide on the surface of SR13C. Inter-

Table J. Gc:ometnc mc:an hemagglutination liter of
sheep c:rythrocytes from turkeys ted two conccntr.llions
of dict::lry anatoxin and inoculated with sheep eryth
rocyles.

Wc:ek 4 Week II
(belore (before

Dietary inoculum inoculum
anatoxin dose "',) W~'ek 0 dose Ill1) Wcek 10

Conlrol J.3 l79.1 ::l0.0 J..l55
50 ppb 14.9 :ll5.6 85.4 174.1

150 ppb 30.4 :89.3 98.1 :05.0
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Table 4. Uver-to-body-wt. ratios of turkeys given
dietary aflatoxin for II or 13 weeks or given dietary
afiatoxin for II weeks and then the control diet for I
or 2 weeks.

Aflatoxin +

Dietary
withdrawal

aflatoxin II weeks 13 weeks I week 2 weeks

0 0.15 0.12
50 ppb 0.12 0.13 0.14 0.11

ISO ppb 0.13 0.12 0.16 0.13

estingJy, both concentrations ofdietary aflatoxin
decreased the response of turkeys to the second
inoculation compared with the control diet. There
were only slight differences among the groups in
the average geometric mean titers before the sec·
ond inoculation, so the amount of antibody reo
maining in the serum of the poults should not
have affected the secondary response.

Pier and Heddleston (4) found that the im
mune response was' reduced in turkeys vacci·
nated with P. muJlocida and fed AFB I as low as
250 ppb.

Giambrone et ai. (I) noted no reduction in
either antibody production or resistance to chal
lenge with either Newcastle disease virus or P.
muilocida in poults given the equivalent of 200
ppb dietary AFB\. Turkeys dosed similarly with
the equivalent of 200 ppb dietary AFB I plus
AFB;! did not differ notably from controls in cell
mediated immune response. The poults were
given the toxin daily for 5 w~ks. [n the present
study, we fed the poults a diet that was not ex
pected to elicit any clinical response or change
in the immune response and then assessed the
aflatoxin residues in the tissues. However, our
data indicate that even these low concentrations
of dietary afiatoxins can still elicit a measumble
response in poults if they are fed the diets for a.t
least 1I to 13 weeks.

The increase in Iiver-to-body.weight mtio not·
ed in the turkeys 1 week after withdmwal from
the diets containing a.flatoxin may be due to in
creased production of glycogen or other metab·
olites in the liver. The time period may not have
been sufficient for these metabolites to be trans
located to other storage depots.
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